Aims This study aims to investigate the eligibility of the Prospective Comparison of Angiotensin Receptor-Neprilysin Inhibitor (ARNI) with ACE inhibitor to Determine Impact on Global Mortality and Morbidity in Heart Failure (PARADIGM-HF) study to a real-world heart failure population. Methods and results Medical records of all heart failure patients living within the catchment area of Umeå University Hospital were reviewed. This district consists of around 150 000 people. Out of 2029 patients with a diagnosis of heart failure, 1924 (95%) had at least one echocardiography performed, and 401 patients had an ejection fraction of ≤35% at their latest examination. The major PARADIGM-HF criteria were applied, and 95 patients fulfilled all enrolment criteria and thus were eligible for sacubitril-valsartan. This corresponds to 5% of the overall heart failure population and 24% of the population with ejection fraction ≤ 35%. The eligible patients were significantly older (73.2 ± 10.3 vs. 63.8 ± 11.5 years), had higher blood pressure (128 ± 17 vs. 122 ± 15 mmHg), had higher heart rate (77 ± 17 vs. 72 ± 12 b.p.m.), and had more atrial fibrillation (51.6% vs. 36.2%) than did the PARADIGM-HF population. Conclusions Only 24% of our real-world heart failure and reduced ejection fraction population was eligible for sacubitrilvalsartan, and the real-world heart failure and reduced ejection fraction patients were significantly older than the PARADIGM-HF population. The lack of data on a majority of the patients that we see in clinical practice is a real problem, and we are limited to extrapolation of results on a slightly different population. This is difficult to address, but perhaps registry-based randomized clinical trials will help to solve this issue.
Introduction
Heart failure is one of the leading causes of hospital admission and death in elderly people. With a 5 yr survival chance of only 50%, heart failure has a mortality rate similar to that of several cancer diagnoses. 1 Therefore, it is a serious and costly disorder. Standard heart failure therapy is effective and refers to an angiotensin-converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB), a beta-blocker, and a mineralocorticoid antagonist. 2 Even though standard treatment reduces risk of death and heart failure hospitalization by up to 10-37%, [3] [4] [5] [6] [7] [8] [9] mortality is high, and many patients suffer from severe symptoms on a daily basis. New and more effective heart failure treatments are needed.
Sacubitril-valsartan, an angiotensin receptor-neprilysin inhibitor, is a new treatment option for heart failure. Sacubitril increases natriuretic peptides, causing vasodilation and diuresis. Valsartan blocks the angiotensin II receptor type 1, reducing vasoconstriction, sodium and water retention, and cardiac hypertrophy. Sacubitril-valsartan was approved by US Food and Drug Administration (FDA) and European Medicines Agency in 2015, based on the Phase III trial, Prospective Comparison of Angiotensin Receptor-Neprilysin Inhibitor (ARNI) with ACE inhibitor to Determine Impact on Global Mortality and Morbidity in Heart Failure (PARADIGM-HF). 10 In PARADIGM-HF, 8442 patients with heart failure and reduced ejection fraction (HFrEF) were randomized to either enalapril or sacubitril-valsartan. Sacubitril-valsartan reduced the primary endpoint cardiovascular death or hospitalizations for heart failure by 20%. The trial was stopped early, after a median follow-up of 27 months, owing to 16% risk reduction in death from any cause. Even though sacubitril-valsartan showed promising results in the PARADIGM-HF trial, it is unknown how applicable the results are to a real-world population.
Similar to most randomized controlled trials (RCTs), PARADIGM-HF used strict enrolment criteria to minimize the risk of confounders, although this strategy reduces the eligibility. 11, 12 For example, patients only qualified for randomization if they had stable and symptomatic HFrEF, elevated natriuretic peptide plasma concentration, systolic blood pressure ≥ 95 mmHg, and plasma potassium level < 5.4 mmol/L, and tolerated a run-in period of enalapril 20 mg daily and sacubitril-valsartan in target dose.
The baseline characteristics in PARADIGM-HF were comparable with those of other landmark HFrEF trials. 13 However, these characteristics do not correspond to the real-world heart failure population, which is generally older, consists of 50% women, and suffer from more co-morbidities. 1, [14] [15] [16] [17] [18] We therefore sought to investigate if the PARADIGM-HF population is a fair representation of a real-world HFrEF population. We will address the following questions:
• What proportion of a real-world heart failure population is eligible for sacubitril-valsartan according to inclusion and exclusion criteria in the PARADIGM-HF trial? • How comparable is the PARADIGM-HF population to a real-world heart failure population?
Methods

Study population
In this retrospective study, we included all heart failure patients (10th revision of the International Statistical Classification of Diseases and Related Health Problems codes I50.X, I42.X, I11.0), living within the catchment area of Umeå University Hospital, Sweden, and experienced at least one contact with the heart centre or department of internal medicine, between January 2010 and March 2016. The hospital is serving a mixed urban and rural population with 150 000 residents, and the heart centre represents the only cardiology clinic in the area.
Data collection
We manually abstracted data from the hospital's medical records (NCS Cross), between 1 June 2015 and 31 March 2016, according to a standardized protocol. The protocol consisted of 90 variables per patient, comprising medical history, drug therapy, laboratory data, use of cardiac devices, and echocardiography and electrocardiography parameters.
Selection process
To select patients eligible for sacubitril-valsartan, we applied the main PARADIGM-HF inclusion and exclusion criteria: 18 years and older, left ventricular ejection fraction (LVEF) ≤ 35%, ACE inhibitor or ARB in target dose (equivalent to enalapril 20 mg daily), N-terminal pro-B-type natriuretic peptide (NT-proBNP) ≥ 600 pg/mL, estimated glomerular filtration rate (eGFR) ≥ 30 mL/min, systolic blood pressure ≥ 95 mmHg, and serum potassium level < 5.4 mmol/L. 13 We used the Cockroft-Gault equation to calculate eGFR.
As PARADIGM-HF initially included patients with LVEF ≤ 40% and pretrial use of ACE inhibitor/ARB in half doses (equivalent to at least enalapril 10 mg daily), 10 we performed a second selection process where we applied the same criteria as described in the first selection, except changing LVEF to ≤ 40% and ACE inhibitor/ARB to half dose.
The study was performed according to the principles of the Declaration of Helsinki and approved by the local ethics committee (Umeå, registration number 2015-419-31).
Statistical analysis
Normally distributed continuous variables are reported as means with standard deviations and non-normally distributed continuous variables as medians with interquartile range. Categorical variables are described as frequencies with percentages. We analysed group differences in baseline characteristics using Student t-test for continuous variables and χ 2 test for categorical variables. We considered a P-value < 0.05 to be statistically significant, and we performed all analyses with SPSS version 24.
Results
Between January 2010 and March 2016, 3636 patients in total were treated for heart failure, of whom 2029 were alive in March 2016. Out of these, 1924 (95%) had an echocardiography performed, whereof 622 had LVEF ≤ 40% and 401 had LVEF ≤ 35% at the latest examination.
We selected patients eligible for sacubitril-valsartan treatment by applying the PARADIGM-HF enrolment criteria 338 H. Norberg et al.
on the Umeå heart failure population ( Figure 1A ). Of the 401 HFrEF patients (LVEF ≤ 35%), 155 patients (39%) were treated with ACE inhibitor/ARB in target dose. We further excluded 60 patients because of reduced levels of NTproBNP, eGFR, and systolic blood pressure and elevated serum potassium level. Finally, 95 patients fulfilled all indication criteria and were eligible for treatment with sacubitril-valsartan, which corresponds to 24% of the HFrEF population (n = 401) and 5% of the overall Umeå heart failure population (n = 1924). The most common reasons for exclusion were ACE inhibitor/ARB lower than target dose (n = 246, 61%) and NT-proBNP < 600 pg/mL (n = 50, 12%).
As the entry criteria in PARADIGM-HF were first set to LVEF ≤ 40% and a pre-study dose of ACE inhibitor/ARB equivalent to enalapril 10 mg daily was used, which corresponds to half target dose, we did a second selection process with these criteria ( Figure 1B) . The latest echocardiography showed LVEF ≤ 40% in 622 patients, whereof 414 patients (67%) were treated with ACE inhibitor/ARB in at least half dose. After we had excluded 164 patients owing to NT-proBNP, renal impairment, systolic blood pressure, and potassium level, finally, 250 patients remained eligible for sacubitril-valsartan when applying these alternative criteria. This corresponds to 40% of the HFrEF population (n = 622) and 13% of the overall Umeå heart failure population (n = 1924).
In Table 1 , we compare patients' baseline characteristics from the PARADIGM-HF and Umeå cohort. Patients eligible for sacubitril-valsartan in the Umeå population were more likely to be older (73.2 ± 10.3 vs. 63.8 ± 11.5 years, P < 0.001) and have higher systolic blood pressure (128 ± 17 vs. 122 ± 15 mmHg, P < 0.001) and higher heart rate (77 ± 17 vs. 72 ± 12 b.p.m., P < 0.001) than was the PARADIGM-HF population. In the Umeå cohort, more patients had atrial fibrillation (51.6% vs. 36.2%, P = 0.002), mineralocorticoid antagonist treatment (70.5% vs. 54.2%, P = 0.002), and devices, such as implantable cardioverterdefibrillator (23.3% vs. 14.9%, P = 0.04) and cardiac resynchronization therapy (18.9% vs. 7.0%, P < 0.001). Compared with the main selection, the 250 eligible patients identified in the second selection process were slightly older (75.6 ± 9.1 vs. 73.2 ± 10.3, P = 0.04) but did not differ significantly in other baseline characteristics.
Discussion
Sacubitril-valsartan is a major breakthrough in heart failure treatment that should be used in patients who fulfil the inclusion criteria in the PARADIGM-HF study. We showed that there is a clear group within the heart failure population that should benefit from this treatment. The limited number of eligible patients in the population will probably not present a major burden on health-care costs. Therefore, the fear of unacceptable rise of financial costs for health-care system is probably not valid. However, only a quarter of the patients with HFrEF in a real-world setting clearly fulfil the inclusion criteria in the PARADIGM-HF trial. For the rest of the 75% of the HFrEF population, data are less clear. Expanding the criteria to slightly higher ejection fraction and trying to titrate Sacubitril-valsartan in a real-world heart failure population 339 patients with only half dose ACE inhibitor/ARB, we still end up with only 250 patients.
This study highlights the central problem of how valid clinical trials are to real-world patients. Clinical trials use strict inclusion and exclusion criteria to increase the chance of showing significant results with a smaller number of patients. This approach was also used in PARADIGM-HF with 20 key exclusion criteria, in addition to the already strict entry criteria. 19 Real-world patients rarely fit into those tight frames, 1,14-18 and we have 75% of our HFrEF population who does not meet the entry criteria, but we still have to give them the best treatment possible. Previous studies have shown that between 10% and 66% of real-world patients managed to fulfil all enrolment criteria from heart failure RCTs. 15, 17 A recent study applying the strict PARADIGM-HF main criteria on a heart failure clinic showed that 21% of a HFrEF population was eligible for sacubitril-valsartan. 20 This is similar to the experience from our clinic and confirms the low fraction eligible for sacubitril-valsartan.
Based on our results, the main validity issues of the PARADIGM-HF trial seem to be the LVEF level and ACE inhibitor/ARB doses. We think that LVEF ≤ 35% appears to be too strict, considering that the definition of HFrEF includes LVEF < 40% 2 and that 80% of our patients were excluded in the selection process when applying LVEF ≤ 35% to the overall heart failure population ( Figure 1A) . Further, PARADIGM-HF only randomized patients who tolerated up-titration of enalapril and sacubitril-valsartan to target doses. This study design ensured study performance with target doses for each drug and reduced study dropout rate. With our second selection process, with LVEF ≤ 40% and ACE inhibitor/ARB in at least half dose ( Figure 1B) , 40% of the patients were eligible for sacubitril-valsartan instead of only 24% in the stricter main selection. Provided that results shown in PARADIGM-HF would persist, we conclude that using less strict criteria, and hence have the opportunity to prescribe sacubitrilvalsartan to 40% of a real-world HFrEF population instead of only 24%, would be more appropriate for a landmark study like PARADIGM-HF. However, it is unclear how well a realworld population who has been under up-titration once but does not reach ACE inhibitor/ARB target doses tolerates a second attempt of up-titration.
When we strictly applied the target ACE inhibitor/ARB dose criteria in the main selection process, we had a 61% dropout in the Umeå cohort, which shows that reaching target doses is difficult in an unselected heart failure population. Even in clinical trials, this is problematic; e.g. in the CHARM-Alternative study, 59% of the candesartan group reached target dose. 4 In the PARADIGM-HF trial, 12% of the patients withdrew during the run-in phase owing to adverse events of enalapril or sacubitril-valsartan. 10 A previous study from the Swedish Heart Failure Registry showed that~45% of the patients had target dose of ACE inhibitors/ARB and beta-blockers, which is in line with our 39%. 21 Hence, we cannot expect that ACE inhibitor/ARB target dose can be reached with all patients, but before considering sacubitril-valsartan, it is central to try to uptitrate standard therapy as much as possible. It would be of great interest for additional studies to investigate why target doses cannot be reached in more heart failure patients.
Focusing on the overall heart failure population of 1924 patients, only 95 patients (5%) fulfilled all enrolment criteria in the PARADIGM-HF trial. Similar results were shown in a previous study, where 7% of the total heart failure population in a single-centre setting fulfilled the PARADIGM-HF criteria. 20 This highlights the need for studies in heart failure with ejection fraction > 40%.
By comparing patient characteristics, we showed that the HFrEF Umeå cohort was nearly 10 years older than the PARADIGM-HF population. More patients in the Umeå cohort also suffered from elevated systolic blood pressure and atrial fibrillation, probably a consequence of the higher mean age. Likewise, the higher heart rate among the Umeå patients can probably be explained by the increased prevalence of atrial fibrillation. Looking at other recent major heart failure studies, we can easily observe that the population is younger than our population. The SHIFT study had a mean age of 60.4 years, 22 and the ATMOSPHERE study had a mean age of 63.3 years. 23 Overall, few clinical trials include persons > 80 years, 18, 24, 25 and there is a general problem with clinical studies where patients need to be selected for appropriateness by the individual investigator. This leads to a higher threshold to include fragile patients with co-morbidities who are not as mobile or who are believed to have difficulties fulfilling the requirements of a clinical trial. This can probably explain the age difference between the PARADIGM-HF population and the Umeå cohort formally eligible for the trial.
Further, a retrospective subgroup analysis of the PARADIGM-HF study has shown that sacubitril-valsartan was in favour of enalapril across age categories. 26 Nevertheless, with the age difference between eligible real-world HFrEF patients and the PARADIGM-HF study, one cannot exclude the hypothesis that frail patients were chosen as study subjects to a lesser degree. Frailty increases with age, and it is still unknown how this can impact the drug pharmacodynamics. In addition, heart failure treatment in elderly people is often complicated by age-related cardiovascular changes, polypharmacy, and multi-morbidity. 27 It is quite possible that if the PARADIGM-HF population had been older, the absolute effects would have been greater, reducing the number needed to treat, as older patients in general have a higher mortality risk.
Both FDA and European Medicines Agency have approved sacubitril-valsartan on a wider indication than have the PARADIGM-HF trial inclusion criteria. This was, e.g. shown in a real-world study where 149 of 210 (71%) hospitalized HFrEF patients meet the FDA criteria for sacubitrilvalsartan but only 54 of 210 (26%) patients fulfilled the PARADIGM-HF criteria. 28 To improve the external validity in RCTs, patients who represent the real-world population need to be included to a higher extent. Other study designs, such as registry-based randomized trials or observational studies on real-world patients, may be desirable to complement RCTs and increase eligibility. By using registry-based studies to a higher extent, it might be possible to increase the knowledge of novel drugs effect and safety in elderly patients before they are approved for an unselected and often more fragile population. In the sacubitril-valsartan case, it will be essential to perform real-life (Phase IV) studies to find out how the heart failure patients we meet in clinical practice actually respond.
Limitations
The single-centre study design can limit the generalizability of our results; in the meantime, our hospital represents the only cardiology clinic in the community, which enabled us to study the total heart failure population within the Umeå hospital region and consequently include patients irrespective of renal function, cognitive function, and other co-morbidities that are often excluded in RCTs.
Medical record-based data have limited ability to address explanatory factors, and sometimes, data were incomplete. To minimize this, we only collected parameters when patients were in stable heart failure condition and used the journal entry closest to index or follow-up date.
New York Heart Association functional class information was not available from medical records, which could have excluded some additional patients in our study population if said information was available. On the other hand, PARADIGM-HF included patients with New York Heart Association Functional Class II-IV, which most of our patients fulfilled.
The statistical analysis for comparing NT-proBNP between the Umeå and PARADIGM-HF population could not be performed owing to no access to original data from the Phase III trial.
We used the International Statistical Classification of Diseases and Related Health Problems codes to identify patients with heart failure in hospital medical record system and have not validated the heart failure diagnosis on patients with ejection fraction > 50% or where echocardiography was missing. This means that the percentage of patients in the total heart failure population eligible for sacubitril-valsartan is slightly higher.
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